Obesity is a serious problem that is growing in developed countries and many children as short-sleepers have been reported to be obese. However, no studies have been conducted on the relationship between BMI shown by mothers of children aged 1-6 years and their own circadian typology. This study aims to clarify this relationship in Japanese mothers. An integrated questionnaire on diurnal rhythms (including the Diurnal Type Scale constructed by Torsval & Åkerstedt), sleep habits, meal habits, lighting conditions at night, weight and height was administered to mothers and their children aged 1-6 years. Sixty-two percent of 863 mothers answered the questionnaire for themselves and their children. All the obese mothers (BMI of 28 or more) had MEQ scores of less than 18 and were more evening-typed than non-obese mothers (BMI of less than 28) (p=0.02). A higher ratio of obese mothers watched TV after 11:00 p.m. (p=0.049) and used fluorescent lights while watching TV after 11:00 p.m. (p=0.023) compared to non-obese mothers. Obese mothers showed a higher frequency of depression (p=0.044) and tended to have higher frequency of becoming irritated (p=0.09) than non-obese mothers. The children of obese mothers were significantly more evening-typed (Mean±SD=18.5±3.6) than those of the other mothers (21.1±3.2) (p=0.018). Evening-typed life of mothers with watching mid-night TV would be related to obesity of mothers and children. This study concludes that obese mothers of children aged 1-6 years are evening-typed and the children of obese mothers are also more evening-typed than those of non-obese mothers Keywords: Japanese young children, circadian typology, body mass index of mothers, TV watching at night, obesity
Introduction
A tremendous number of studies have been reported especially the last couple of years on the relationship between sleep duration and obesity. Nielsen et al. (2011) summarized the 71 recent original studies and seven reviews on the relationship between short sleep duration and obesity and concluded that the relationship is clear in young children and adolescents but not in adults. For example, Drescher et al. (2011) performed the Tucson Children's Assessment of Sleep Apnea follow-up study (TuCASA) cohort study for children aged 10-17 years and concluded that decreased total sleep time and increased caffeine intake and screen time may result in a higher obesity risk in the adolescent population. The Council of Communications and Media, The Academy of American Pediatrics (2011) recently warned that children who watch TV late at night have a high risk of obesity, because they have higher-fat diets, drink more soda and have lower calorie expenditure from less exercise (O'Keeffe et al., 2011; Council of communications and media & The Academy of American Pediatrics, 2011 ). An epidemiological study on Chinese kindergarten children showed that, compared with children reporting over 11 hours of sleep per night, the odds ratio for childhood obesity was 4.76 (95% CI, 1.28-17.69) for children with less than 9 hours of sleep, and 3.42 (95% CI, 1.12-10.46) for children with 9.0 to 9.4 hours of sleep after adjustment for age, sex, and other risk factors (Jiang et al., 2009) . In a study on Australian children aged 5-10 years old, Taylor et al. (2012) reported that, compared with children of normal weight, those who were overweight or obese were more likely to spend no time studying, spend more than 2 hours per day in screen-based activity and sleep less than 10 hours per night. Lucassen et al. (2013) recently reported that Eveningness was associated with eating later and a tendency towards fewer and larger meals and lower HDL cholesterol levels in US 119 participants aged 18-50 yrs.
What are the mechanisms for obesity from short sleep duration? One possibility is that a long time awake at night is associated with consuming junk food and sweet beverages while watching nighttime TV (Council of communications and media & The Academy of American Pediatrics; O' Keeffe et al., 2011) . Olds et al. (2011) only reported that late-bed/late-rise Austrian adolescents showed higher BMI scores than early-bed/early-rise adolescents independent of age, sex, household income, geographical remoteness and sleep duration. This suggests that a delayed phase of the circadian clock may be related to obesity in humans. No studies to date have examined the relationship between circadian typology and obesity of mothers with 0-6-year-old children. This study aims to examine this relationship from epidemiological point of view, as well as to examine the relationship between the obesity of mothers and nighttime TV and lighting.
Participants and Methods
The data used was collected from responses to questionnaires completed in 2009 by 440 parents (more than 95% are mothers, response rate: 62%) of children aged 1-6 (231 girls and 209 boys) in 9 city-run nursery schools and 1 kindergarten affiliated to the Faculty of Education, Kochi University located in Kochi city (33.3 °N). The questionnaires included The Diurnal Type Scale by Torsvall and Åkerstedt (1980) and a revised version for children (Harada et al., 2007) , questions on mental health of the children (such as anger and depression) (Harada et al., 2007) and questions only for parents about night lighting (Table 1A) and late night TV watching (Table  1B) . The Diurnal Type Scale (Torsvall & Åkerstedt, 1980) and the version for children (Harada et al., 2007) were used to objectively measure diurnal preference. This part consisted of seven questions: three pertaining to sleep onset, three to sleep offset and one to peak timing of activity. Each question allows for choice (scored from 1 to 4) and the M-E score was the sum of the 7 answers. Scores ranged from 7 to 28, with lower scores representing evening-types and higher scores representing morning-types. The section of sleep habits consisted of questions on sleep onset and offset timings on weekdays and weekends and questions about the quality of sleep such as mood upon falling asleep and waking up. The data was statistically analyzed using χ²-tests, Mann-Whitney U-tests, and Pearson's correlation analysis with SPSS 12.0 statistical software. M-E scores were expressed as means plus or minus the standard deviation (Mean ± SD).
The study followed the guidelines established by the Chronobiology International journal for the conduct of research on human subjects (Portaluppi et al., 2010) . Before administrating the questionnaires, each participant (parents or guardians) was given a written explanation that detailed the concepts and purposes of the study and stated that their answers would be used only for academic purposes. After the above explanation, all parents (or guardians) agreed completely with the proposal. The study was also permitted by the kindergarten nurses' committees of the eleven kindergartens which carried out an ethical inspection of the contents of the questionnaire. As the children could not complete the questionnaires themselves, their parents or guardians completed them on their behalf.
Results
Most of the mothers with a BMI of 28 or more ("obese mothers") had M-E scores of less than 18 and more evening-typed than those with a BMI of less than 28 ("non-obese mothers") (Mann-Whitney U-test: z=-3.024, p=0.02) (Figure 1) . A higher ratio of the obese mothers watched late night TV (after11:00 p.m.) (χ²-test: χ²-value=16.997, df=1, P<0.001) (Figure 2 ) and used fluorescent lamps from sunset to bed time than that of non-obese ones (χ²-value=18.360, df=1, P<0.001) (Figure 3 than non-obese mothers. The children of obese mothers were significantly more evening-typed (Mean ± SD=18.5 ± 3.6) than those (21.1±3.2) of non-obese mothers (Mann-Whitney U-test: z=-2.36, p=0.018) ( Figure  5 ). A significant positive correlation was seen between the BMIs of 1 year olds and their mothers, but the correlation was reduced for children aged 4 years old ( Figure 6 ). 
Discussion
Evening-typed life for mothers of young children might be related to 24-hour society which is advancing in Japan and includes nighttime services such as late night TV that is broadcast all night on some channels in Japan.
A delayed circadian phase of the sleep-wake cycle in these mothers might relate to both their own obesity and www.ccsenet.org/ijps
International Journal of Psychological Studies Vol. 7, No. 2; 2015 that of their children. A long time awake at night may be associated with consuming junk food and sweet beverages while watching late night TV. It might be speculated that children may follow the same habits of watching late night TV and having high calorie junk foods and drinks as their mothers. Sasaki et al. (2010) reported that there was no significant correlation between TV watching hours and obesity in Japanese preschool children. However, late night TV watching by mothers could have an impact on their children, because many families in Kochi live in apartments in which a single room functions as both the family bedroom and living room because of low income (3889 thousands yen per year on average, 42.2 years old, 11.4 years carrier in Kochi, 39 th rank of 47 prefectures of Japan, 2008) (Nenshu-labo, 2012 ). In such case, sounds and light emitted from TVs could disturb the sleep of the children. A phase delay of their circadian clock could be promoted by the exposure to blue light at night included in light emitted from TV displays, fluorescent lights and LED (Lockley et al., 2003; Revell et al., 2012) .
Another possible mechanism might be the difference in energy expenditure between morning-typed and evening-typed mothers. University students had been phase-advanced by 2 hours by using low color temperature lighting (incandescent light), while those using fluorescent lamps (including short-wave components with high color temperature) as a night lighting did not show such phase advance. The students who used the incandescent light showed 1.5 times of activity amount in an actigraph study throughout the day compared to those using the fluorescent lamp (Harada et al., unpublished) .
Conclusion
A delay of the circadian phase caused by evening-typed life might reduce the activity level and promote obesity due to the reduction of calorie expenditure. Recently, a mutant mouse created by a reduction of the BMAL1 gene that encodes proteins regulating circadian rhythm was reported to show about a 30% of reduction in muscle force and 40% reduction in mitochondrial volume (Andrews et al., 2010) . A circadian phase of the human circadian clock might be related to skeletal muscle amounts and mitochondria volume via BMAL1 gene also in humans, although there have no studies on such relationship in humans which remains to be studied in the future.
